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ABSTRACT

Meteorological data from the network of surface weather stations at White Sands Missile

Range, NM, were analyzed to determine the mesoscale (~35kin by 40kin) impacts of albedo on

. surface and air temperatures. Measurements were performed in-situ at the White Sands National

Monument to characterize the short wave surface albedo and air temperature of the white dunes

area. In addition, several measurements of air temperatures within the Monument were made.

In this report, we analyze the impact of albedo on near-surface air temperatures during

summer and develop several correlations. We also evaluate the effects of albedo on soil

temperature. Our analysis considers the relationship between wind speed, wind direction, and air

temperature at White Sands.

Analysis indicates that the high-albedo surface has a measurable impact on the air

temperature within the White Sands area compared with air temperatures from the surrounding

Missile Range. On average, the White Sands area was 1-2oc cooler than its surroundings during

daytime hours in August 1992 and June 1993, and was up to 6°C cooler at times. This difference

in air temperature is attributed mainly to differences in albedo; the dunes have an average

measured albedo of 0.60, whereas the surrounding desert areas have an average albedo of 0.20-

0.25. On average, the soil (measured at ~lcrn below surface) was on the average 5°C cooler than

that of the surrounding darker area, 15°C cooler at times. No direct correlation between soil

temperatures and air temperatures could be established with the available data.
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1. INTRODUCTION

Urban summer daytime temperatures often exceed those of the surrounding rural areas.

Summer "urban heat islands" are caused by dark roofs and paved surfaces as well as the lack of

vegetation (Oke, 1982). Researchers at Lawrence Berkeley Laboratory are interested in studying

• the effects of increasing the albedo of roof tops and paved surfaces in order to reduce the impacts

of summer urban heat islands. Increasing the albedo of urban surfaces may reduce this heat

island effect in two ways, directly and indirectly.

The direct effect involves reducing surface temperature and, therefore, heat conduction

through the building envelope. This effect of surface albedo on surface temperatures is better

understood and has been quantified in several studies (Akbari, et al, 1993). The indirect effect is

the impact of high albedo surfaces on the near surface air temperatures. Although the indirect

effect has been modeled for the Los Angeles basin by Sailor (1993), direct field observations are

required. The objective of this report is to investigate the meso-scale climate of a large high

albedo area and identify the effects of albedo on the near surface air temperature. To accomplish

this task, data from several surface weather stations at White Sands, New Mexico were analyzed.

This report is organized into six sections in addition to this introduction. The first gives

the general geological, topographic, and meteorological background of White Sands. The second

is a discussion of the basic surface meteorology of the White Sands region. This section is

followed by a general discussion of the instrumentation and available data. The fourth section is

a description of the method used for data analysis. The fifth section which presents the results of

this analysis. Finally, the last section is the summary and conclusion, where a discussion of the

results is presented.

• 2. BACKGROUND

The White Sands National Monument and its setting within the White Sands Missile

Range can provide an opportunity to verify and quantify the large-scale impacts of albedo

variation on air temperature in the lowest few meters of the atmosphere. The soil at White Sands
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is highly reflective and is composed of gypsum (hydrous calcium sulfate). White Sands is

located in the western part of the Tularosa Valley at the foot hills of the San Andreas mountains.

The area, shown in Figure 1, is approximately 30 x 45 km and bounded on the east by the

Sacramento mountains. White Sands is divided into two different regions: the western half is a

gypsum flat, and the eastern half is mostly sand dunes. 1

During the summer, tropical storm fronts arrive at White Sands from the south, creating

prevailing southerly winds and frequent thunderstorms. Average summer air temperature,

measured at 1.5 m, for the valley is -27"C with maximum temperatures as high as 40"C.

Monthly summer average precipitation for the entire range varies from 2.5-12.7 cm. Besides

precipitation, and ground water, Lake Lucero at the south east end of the gypsum flat is the only

known source of water. However, the water table is frequently at the surface on the gypsum

fiats. Average relative humidity at 1.5 m was-30% for June 1993, and -45% for August 1992.

3. BASIC SURFACE METEOROLOGY

Surface temperature is determined by albedo and solar radiation, long wave radiative

fluxes, and sensible and latent heat fluxes (which are in part determined by horizontal wind

speed) (Oke, 1987). A higher albedo signifies that less short wave radiation will be absorbed by

the surface, resulting in lower surface temperatures. In general, high albedo surfaces have lower

surface temperatures than low albedo surfaces with equivalent surface roughness and geometry

under similar atmospheric conditions (Taha, et al 1992).

Through the processes of heat conduction and convection, air temperature within the

lowest few meters of the atmosphere is determined in part by the surface temperature. It is

1 Thegypsumflatswereoncecoveredby LakeOtero.Thegypsumdepositwascreatedby ancientrains

whichwashedawaygypsumfromexposedsedimentaryrocks. This solublegypsumenteredthe groundwatertable

andfilledthe bedof lake Otero. The lakehassincedriedup, leavingbehindthe presentdrygypsumfiats. The

duneswerecreatedasprevailingwesterlywindssweptparticlesfromthe dry lakebed'sgypsumdeposits. At the

southendof WhiteSandsis a smalllake,LakeLueero,whichis the remainsof LakeOtero(Dodge,1971).
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hypothesized that lower surface and air temperatures will be observed directly over White Sands

because of its high _.]bedo. Surface temperature is directly linked to solar radiation and albedo,

however, air temperature is indirectly linked to surface temperature. Therefore, we expect to see

. smaller differences due to albedo in air temperature than in surface temperature. This has been

observed by Oke, et al. (1989) in a comparison of satellite derived surface temperature and

measured near surface air temperatures in several west coast summer urban heat islands.

The vertical temperature profile changes during the day as solar radiation and surface

temperature increase (Oke, 1987). As the surface heats up, an unstable lapse rate arises and

convective vertical mixing takes place. This is in contrast to evening temperature profiles which

in general are stable. We expect that afternoon instability and vertical mixing will dampen the

effects of the surface temperature and albedo on air temperature. However stable nighttime

inversions may persist into the late morning. By limiting convective mixing, this inversion layer

will accentuate the coupling of air and surface temperatures. If this mechanism exists it will be

apparent in the diurnal pattern of air temperature depression over White Sands.

Horizontal wind speed may affect air temperature in several ways. Faster wind speeds

enhance convection and thus the amount of heat transferred from the surface to the air

(Chapman, 1987). In the limiting ease, at very high wind speeds, we expect surface and air

temperatures to approach each other, and temperature difference over White Sands to approach

zero. Faster wind speeds may increase the flux of advective heat over White Sands, allowing

less time for the incoming warmer air to equilibrate with the cooler surface temperatures.

However, due to the nature of turbulence and heat transfer, this cannot be determined from our

data.
u,

Areas adjacent to White Sands may be affected by the high albedo surface in two ways.

• First, synoptic winds crossing from White Sands may bring cooler air into the surrounding area.

Second, any temperature depression at White Sands it will result in a pressure gradient between

the air over White Sands and the surrounding air. This pressure gradient will result in localized

subsidence and divergence centered on the high-albedo area of White Sands. Warmer air from



the surroundingdesert, which is less dense than the colder air at White Sands, may create a

convective cell. This would occur if the warmer air was moving towards White Sands and

forced above it due to the density differential. This air would thendisplace ambient air in the

upper boundary layer which would subside over White Sands, creating a radial wind, and

carrying the cooler air to weather stations just outside the high-albedo region. If either

mechanismexists, it would be most apparentin the relationshipbetween wind direction and air

temperaturedepressionatWhite Sands.

4. INSTRUMENTATION AND MEASUREMENTS

Figure I shows the locations of 9 White Sands Missile Range (WSMR) Meteorological

Team surface weather stationswith single or multi-level sensors. We examined datafrom 1-m

high sensors in the flat area within and surroundingWhite Sands. We chose these stations

because their relative elevations are within 30 m, and all are within close proximity to the high

albedo area. NorthrupStrip and Ratscatare the only stations within White Sands, and both are

on the gypsum flats. At this timewe have no weather datafrom the dunes.

Hourlymeteorological data consist of air,dew point, and soil temperatures,and relative

humidity measured at the 1.5 meter level; air temperature differences between different

atmosphericlevels for those stationsthat have sensors at I and 5 meters;local static pressure,sea

level pressure,and altimeter setting, vector wind direction and wind speed, (the hourly average

of 15 minute samples),and hourlymaxima;and total horizontalsolar radiationand precipitation.

August 1992 data include soil temperaturesmeasured 1 crnbelow the surfacewith a thermistor

from Campbell Scientific. Air and soil temperaturesare accurate up within 0.1° C. Relative

humidity is accuratewithin 1%. Winddata is accurateabove a thresholdof lrn/s and within 0.5

m/s and 1°. Data was chosen for August of 1992 because it was unusually dry for this time of
i,

year and it was the peak of the solar cycle. June 1993 data, which was before the summer
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Figure 1, Locations of 9 weathers_ations used in our analysis. Note that Northrup Strip and
Ratscat are the only stations located within the White Sands Area, and are located within the
gypsum fiats. Ninenger and Apache are located to the east and south respectively and are the
closest stations to White Sands. Two mountain ranges surround White Sands: the San Andreas
to the east and the Sacramento to the west. White Sands is divided into two main areas' the

gypsum fiats are to the west and have an average albedo of 0.5(),the dunes are to the east and
have an average albedo of 0.60.
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monsoon, was added to supplement this data after we identified that soil moisture influences the

August data. June 1993 data include neither soil temperature nor vertical temperature difference.

White Sands Meteorological Team calibrates their instruments on a quarterly basis and

keeps records when a device is yielding suspicious output. When this occurs, technicians are

sent to repair or replace, the device. Between the summer of 1992 and 1993, no suspicious output

was reported, except at Greg Site (see figure 1). Apparently the temperature could not be

calibrated and the thermistors were replaced.

The solar albedo was measured using an Eppley Precision Spectral Pyranometer

following a method devised by Taha (1993). In this method, the device is placed both face up

and face down on a long pole two feet of the ground. The two measurements are then compared

to determine the albedo. Several spot measurements were performed in the Monument area over

the dunes as well as the flat surrounding areas on October 17, 1992 at about solar noon.

Conditions during measurement were clear, and relatively low wind speeds (estimated 1.5 m s-l).

Similar measurements were also performed using a Licor Silicon pyranometer, during clear

conditions at approximately noon on July 14 and 15, 1993. These measurements agree with high

altitude aircraft and laboratory measurements of albedo which were performed for satellite

calibration by the National Environmental Satellite Data and Information Service (Smith, Levin,

and Knoll, 1985), and with laboratory measurements made by Walraven and Coulson, (1972).

Table 1 shows the results of these measurements.

$. DATA ANALYSIS AND METHOD

The summer season is generally characterized by monsoons and frequent afternoon

. thunder showers. Given that surface moisture may introduce a strong bias in studying the

impacts of surface albedo on air and soil temperatures, days when precipitation occurred were

removed from the data set. After removing rainy days from the data set we were left with 12

days for both August 1992 and June 1993. We cannot be sure this exclusion will remove all days

when surface moisture was present. For example, after an evening thunderstorm on July 12,

1993, we observed large pools of water within the gypsum fiats area. These pools remained for
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several days. This would imply the bias introduced by rain and surface moisture extends for at

least a day after a rain fall. However, given the small amount of data, we cannot remove the days

following a rain day.

C-Station was selected as a control station, as it was assumed to be representative of the

desert area of the greater WSMR basin. C-Station (No. 1) is at the southern end of WSMR, and

approximately 50 km upwind of the dunes area. It is located on a desert soil with sparse

vegetation. There are no other apparent factors, such as bodies of water or peculiar topography,

affecting the micro-climate at this location.. The air temperature depression (ATa), defined here

as the difference in air temperature between C-Station and the station of interest, was examined

as a function of wind speed, wind direction, and time of day. Histograms were generated in

order to identify basic wind circulation patterns. Solar radiation and soil temperature were also

analyzed to understand the complete effect of albedo on micro climate.

Time series plots of air temperature and dew point were examined at all stations to

investigate any possible biases or lack of calibration between station apparatus. Outliers were

defined as any extreme fluctuation or value which could not be explained given our present

i understanding of the local climate and basic meteorological principles. We have only removed

those which were clearly due to data collection errors or instrument malfunction.

6. RESULTS

6.1 A lbedo Measurements

Table I lists the various results for albedo measure at White Sands. These measurements

are lower than measurements made of dry sand in the laboratory, but correlate well with those

made for wet gypsum sand (Walraven and Coulson, 1972). Measured albedo values at the dunes

are approximately 0.63 -,-0.05, and at the gypsum flats, measured albedo ranged between 0.45 P

and 0.55 (average albedo from 5 observations is 0.51). Thus the effective albedo of the dunes

area in the White Sands National Monument was approximately 0.60 (area weighted average).

Heterogeneous transition areas were found to extend for miles outside the dunes areas and have



albedos ranging from 0.29 to 0.53. Inter-dune areas were frequently vegetated and covered by

dark blue-green algae resulting in a lower albedo of-0.41. By contrast, the albedo of the

surrounding desert areas was 0.18-0.25.

Table 1. Albedo measurements taken at different times with different devices

i

. October 17 1992 July 14 and 15 1993
Surface Type Epply Pyranometer Licor Pyranometer

0.28-2. 8 _tm range 0.28-2.8 _tm range
Dunes 0.64 0.63

Gypsum Flats 0.55 0.51

Area Weighted 0.61 0.58
Average

C-Station 0.20 0.24

6.2 Air Temperature Depression

Table 2 shows daytime average temperatures for the ten stations shown in Figure 1.

Northrup Strip and Ratscat stations clearly show temperature depressions for both August !_)92

and June 1993. Note that temperature differences in June are less than those in August. This

difference may be due to moisture effects. The average daily peak difference is defined as the

maximum air temperature at C-Station minus the maximum air temperature at the station of

interest. In general, these maxima occur at the same hour, between 1:00 and 3:00 p.m. Mountain

Standard Time. The average daily maximum ATawas found to be greater than the average daily

peak difference. This is due to the fact that maximum ATa does not occur in the afternoon hours,

but in the morning, as shown in Figure 2. Ratscat and Northrup Strip, stations within White

• Sands, are the only stations which show significant values of ATa. This implies that there are

little or no temperature effects extending outside the high albedo area.
,a

All nighttime temperatures corresponding to data used for Table 2 are within the range of

equipment error ( 0.1 °C ) of each other. This implies that the statistics in the table are not a

result of instrument error, or lack of calibration. This can be seen in Figure 2, where nighttime



ATaapproachzero for the four stations shown. As stated above, White Sands Meteorological

Team calibrates their instruments on a quarterlybasis and keeps records when a device is

yielding suspicious output. Records indicatethat Greg site was 0.6 °C off from the calibration

psycrometerin Januaryof 1992. This may explainwhy Greg Site has a positive ATain 1992 and

a negligible ATain 1993. The device was replacedbeforeJuneof 1993, makingany comparison
a

between the two years of data useless. As far as we know, no other devices were replaced

between the summerof 1992 and 1993.
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Table 2 Temperature Depression Statistics for Several Stations at White Sands Missile Range.
a) August 1992 and b) June 1993.
Averages are taken over (12-14) daytime hours only when solar radiation is greater than to zero. All
rain days are excluded. Number of observations: 156

a)
. Average

Station Average Average Standard Maximum Average daily peak daily

Name Air Temp ATa deviation ATa difference maximum
. (*C) (Tat-Tair)('C) o (*C) (*C) (maxTcst-maxTair) ATa (*C)('c)

Abc Site 29.13 1.06 1.22 5.00 1.67 3.08

Apache 29.70 0.48 1.56 8.34 0.68 2.91

C-Station 30.18

Denver 29.70 0.48 1.38 4.45 0.42 2.65
Witt

Greg Site 28.63 1.55 "[" 1.08 5.00 2.22 3.12

Jallen 29.10 1.08 1.32 6.12 1.41 3.12

Ninenger 29.57 0.62 1.4 8.34 0.77 2.91

Northrup 28.49 1.69 1.54 5.56 2.01 3.98
Strip*

Ratscat * 28.I5 2.04 1.60 6.67 2.22 4.32

b)
ii i i

Average
Station Average Average Standard Maximum Average dally peak daily
Name Air Temp ATa deviation ATa difference maximum

('C) (Tcst-Talr)('C) o ('C) ('C) (maxTcst-maxTair) ATa (°C)(c)
Abc Site 31.67 0.20 1.10 5.00 0.10 2.27

Apache 32.45 -0.58 1.12 6.12 -1.31 1.67

C-Station 31.87

Denver 32.13 -0.26 1.17 3.89 -0.40 1.92
Witt

Greg Site 32.19 -0.31 0.64 3.34 -0.61 0.96

Jallen 31.76 0.10 1.15 3.89 0.05 1.92

. Ninenger 31.89 -0.14 1.27 6.12 -.038 2.17

Northrup 30.35 1.53 1.30 5.00 1.37 3.49
Strip *

Ratscat * 30.56 1.32 1.46 6.12 0.96 3.54

* These Stations are within White Sands Gypsum Flats area albedo -0.50.
1"This number is an anomaly which is probably due to instrument error. Greg Site is within close
proximity to C-Station and should not show any significant temperature depression.
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Based on the results presented in Table 2, four stations were selected for more detailed

analysis. These station all are within or directly adjacent to White Sands, and all show some

temperaturedepression. Figure 2 shows several plots of ATaaveragedby hourfor Ratscat and

NorthrupStrip, Ninenger and Apache stations. These averagesarecomputedfor non-rainydays

only. For stations within White Sands, ATa reaches its maximum value in the morning. In the
i

early morningatmosphericconditionsareusually stableandvertical mixing is negligible. At this

timeadvection below this inversionlayer is notsignificant. Thus, nearsurfaceair temperatureis

a strong function of the station surface temperature. In the afternoon, as surface temperatures

become hotter, the lower atmospherebecomes unstable. Vertical mixing dampens the direct

effects of surface temperatureon ATa. The effect of vertical mixing is more apparentduring

June than in August,where averageATa falls off rapidlyas solar noon approaches.

•Figures 2.C and 2.D are consistent with the results of Table 2. Figures 2.C and 2.D

demonstrate that temperaturedepressionfor stations outside of White Sands is not significant

duringthe daytime when we would expect to see analbedoeffect. At Apache andNinenger ATa

fluctuates due to mechanismswhich we cannotexplain. During the day ATais between -,-1°C.

Ninenger was observed to have a lower albedo thanC-Station and is not directly downwind of

either White Sands or C-Station. A greater incidence of easterly winds from the dunes areain

Augustof 1992 may accountfor the 1 °C differencebetween JuneandAugust peakATa. August

1992 also has a higherincidence of northerlydaytimewinds at Apache. Apacheis directly to the

south of White Sands, and thereforemay be measuring cooler aircoming directly from the high

albedoarea. However, differencesbetween this data for Juneand August implies that there is no

constant relationship between air temperatures at these stations and at C-Station.
am
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Figure 2.a.: Ratscat. ATaaveragedby hour for June 1993 and August 1992. Rainy days have

been omitted. Vertical mixing may be a strongerfactor in June thanAugust. Peak ATaoccurs

one hour later in August than June. Solar noon is at 1300 Mountain StandardTime. Lines

" represent1 standarddeviation fromthe mean.
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Figure 2.b.: Northrup Strip. ATaaveragedby hourfor June1993 and August 1992 at Northrup

Strip. Rainy days have been omitted. Lines representone standarddeviation from the mean.
Solar noon is at 1300 MountainStandardTime.
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Figure 2.c.: Ninenger. ATa averaged by hour for June 1993 and August 1992 at Ninenger

station. Rainy days have been omitted. Lines representone standard deviation from the mean.
Solarnoon is at 1300 Mountain StandardTime.
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Figure 2.d°: Apache. ATaaveraged by hour for June 1993 and August 1992 at Apache station.

Rainy days have been omitted. Lines represent 1 standard deviation from the mean. Solar noon
is at 1300 Mountain Standard Time.
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6.3 Wind Speed, Wind Direction and ATa

We attempted to examine the relationship between temperature depression, ATa, and

wind speed. However, our efforts were restrictedby the fact that we cannot identify any direct
d

correlationbetween wind speeds at C-Station and Ratscat station. On average, wind speeds at

, Ratscat are faster than thoSe at C-Station. This difference may be caused by topography. C-

Station is closer to the edge of the San Andreasmountain range,and directly north of the Organ

mountainswhich runEast-West. Therefore it may be shelteredfrom meso-scale synoptic winds.

Furtheranalysis of the effect of wind speed on air and soil temperaturesprovedinconclusive due

to the time lag and lack of correlationbetween station airand soil temperatures. At this time our

analysis of wind speedon temperaturedepressionis inconclusive.

Figure 3 demonstratesa slight correlationbetween wind direction and ATaat Apache, as

well as at other stations. This figure depicts ATaas a function of wind direction. Shaded areas

markthe directionof the dunes, gypsum fiats, and the darkersurroundingdesert. The radial axis

representsthe magnitudeof ATawhich correspondsto the wind directionvector. Windvectors

arepointing towards the station of interest,which is located at the originof the graph. ATais not

a strong function of wind direction at Ratscat and Northrup strip because these stations are

surroundedby White Sands. As mentioned above, Apache andNinenger areadjacent to the high

albedo area. When wind is coming directly from White Sands, there is some evidence of cooler

air temperatures. There are also anomalous cases where higher values of ATa correspond to

directionsopposite of the dunes. These outliersmay be explainedby topography. For example,

the incidence of high ATa moving west towards Ninenger may be caused by cool air coming

. directlyfromthe Sacramentomountainsto the east.

Figure3 also shows that there is higherincidence of winds coming from the White Sands
q

than there aremoving towardsWhite Sands. This suggests that theremay be a circulationeffect

generated by the air temperaturedepression over the dunes area. Warmer air rising over the

desert adjacentto White Sands,would be forcedto flow over the high pressureair mass directly

above White Sands. This airmight then displace ambient air aloft, which would in turn push
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cooler air outwards from the high albedo area. The end result of the pressure gradient between

warmer and cooler air masses is a radial wind moving outwards from White Sands. However,

more carefully designed experiments would be necessary to determine if such a circulation effect

exists.

Q

6.4 Soil temperature

We restricted our analysis of soil temperatures to stations that monitor high albedo sand.

As with our analysis of air temperature, C-Station is used as a control. Of all the stations used in

this study only Ratscat and Northrup Strip show significant deviation in soil temperature from C-

Station.

Soil temperature data at 1-2cm in depth is available only for August 1992. Daytime

average soil temperatures at Ratscat are -5 *C cooler than those at C-Station, while 24 hour

averages are 3.4 *C lower. These statistics are summarized in Table 3 below. Northrup Strip

soil temperatures are cooler than those of Ratscat. This may have been caused by excess surface

moisture at Northrup, or the station's proximity to the dunes (Northrup Strip is surrounded by

more dunes area than Ratscat.) However, Ratscat has a higher average relative humidity for the

month of August than Northrup Strip. Figure 4 shows ATs (difference in soil temperature

between C-Station and station of interest) averaged by hour. Note that the peak difference is in

the afternoon, when soil temperatures are reaching their peak. The figure shows that at Ratscat,

ATs returns to zero during the evening, indicating that the existence of ATs is a daytime effect

and thus a direct result of albedo, rather than a bias in the soil temperature probe.

Like albedo, soil moisture, is a dominant contributing variable to soil temperature (Ts).
41

We do not have at this time any data on soil moisture. Researchers at University of Texas at

Austin are currently studying the water table at White Sands and it's effect on aeolian transport.

They report the water table is generally lower within the dunes, but can fluctuate wildly between

the surface and 90cm in depth on the gypsum fiats. The NOAA/NESDIS mission also measured

soil moisture between the dunes and the gypsum fiats(Smith, 1984). They have found that the
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dunes are dry compared with the flats in the summer season. The average White Sands soil

moisturewas found to be between 10 and 15% in Juneof 1981, but less than 0.5% in August

1982. Excess soil moisturenot only effects soft temperaturevia evaporation,it lowers the albedo

of the soil and increases the absorbed incident radiation (Walraven & Coulson, 1972).o

Unfortunately,other than these sources, we have no direct data on soil moisture. From this

informationwe can assume that soil moisturehas a greatereffect on soil temperatureat the flats

more than the dunes.
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Figure 3a. Wind direction Frequency vs. AT=, Ninenger, Ratscat, Northrup Strip and

Apache. August 1992. Plot is for non-rainy day time hourly data only. Directional axis

representswind directionvector. Vectors are pointing towardsorigin, which representsstation
location. As with a traditionalwind rose, the length of the vector representsthe frequency of

occurrencefor each wind direction. Width of each vector representsthe magnitudeof ATa. In

this case the wind directionhas been classified into 8 groupsof 45° each startingwith 0° ATahas

been scaled into 4 groupsas describedin the legend below.
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Figure 3b. Wind direction Frequency vs. AT=, Ninenger, Ratscat, Northrup Strip and

Apache. June 1993. Plot is for non-rainydaytime hourlydataonly. Directionalaxis represents

wind directionvector. Vectors arepointingtowardsorigin,whichrepresentsstationlocation. As

with a traditionalwind rose, the length of the vector representsthe frequency of occurrence for
• each wind direction. Width of each vector representsthe magnitudeof ATa. In this case the

wind directionhas been classified into 8 groupsof 45° each startingwith 0° ATa.has been scaled

• into 4 groupsas describedin thelegend below.
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Figure 4: Average ATs by hour for A) Ratscat and B) Northrup Strip. August 1992. All rain

days have been omitted. Soil temperature is measured at ~1-2 cm Northrup Strip may reach

higher ATs due to surface or sub-surface moisture. Average relative humidity, however, for

Northrup Strip is less than that of Ratscat for the month of August.
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Table 3. Average ATsoil for non-rainy days in August 1992. Averages are computed from 24

hours of data for non-rainy days only. Average daily peak difference is the difference of the

daily maximums at C-Station and Ratscat. Average daily maximum is the daily maximum

difference. The difference in these two columns suggests that maximum Ts and maximum ATs

• do not occur simultaneously. Number of observations is 312.

ii Ill, ,,I I I ,

Station Average Average Standard Maximum Average daffy peak Average
Name 'Is ('C) ATs ('C) deviation ATs ('C) difference daily

(Tcst.TsoU) o ('C) (maxTs.cst-maxTs) maximum
('c) ATs('C)

Apache 31.48 0.7/t 3.15 6.6"/ -1.45 3.76

C-Station 32.22

Ninenger 29.36 2.86 2.38 12.23 5.86 6.24

Northrup 24.86 7.36 4.46 18.35 13.26 15.52
Strip

Ratscat 28.80 3.43 3.46 11.12 7.83 8.55
i iii

Soil temperatures, because of the soil's thermal mass, exhibit thermal inertia, and will

show a significant lag from solar radiation. We have no information on the soil properties,

therefore we must determine this response lag time through statistics. Figure $ shows soil

temperature as a function of solar radiation. The figure shows clearly that C-Station has higher

soil temperatures than Ratscat and Northrup Strip, given the same solar radiation. In this figure,

solar radiation is lagged three hours, in order to remove the hysteresis which results from the

expected lag time in soil temperature due to the downward heat flux through the soil. The lag

time was determined by evaluating the error of the regression line selecting for the best statistics

(R2 and the significance of the regressions).

" Considering air temperatures, relative humidity, and solar radiation data are similar for all

. three stations, we can conclude from the figure that these differences in soil temperature are a

direct result of differences in albedo. Note that regression lines for Ratscat and Northrup Strip

have different slopes. The regression Results are provided below in Table 4. Although the error

for these regressions is significant, the regressions reflect lower soil temperatures at Northrup
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Strip. This implies there is an effectively higher albedo at NorthrupStrip than at Ratscat. As

statedearlier,this may be clueto surfacemoisture. However, since we have no measureddata on

surface moistureor its effect on albedo,we cannotdeterminethe cause at this time.

Table 4. Regression Coefficients for Soil Temperature as a function of lagged Solar
Radiation

Q

R2 Slope Intercept ....

Ratscat 0.35 0.0082 26.97

Northrup Strip 0.32 0.0053 23.86

C-Station 0.45 0.013 30.65
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Figure $. SOftTemperature as a function of Solar Radiation at Ratscat, Northrup Strip,

and C-Station. Hourlydata.Solar radiationis lagged threehours in orderto removehysteresis.

All rainy days havebeen removedfrom the dataset. The topline representsa regressionline for

C-Station, middle line represents regression line for Ratscat, and bottom line represents a

• regressionline for NorthrupStrip.
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6.5 Diurnal Patterns of Air and Soil Temperature

Figure 6 shows average diurnal patterns for solar radiation, soil temperatures and air

temperatures for August 1992. This figure clearly shows how air and soil temperatures at

Ratscat remained cooler than at C-Station. As discussed above, both air and soil temperatures

lag solar radiation by three to four hours. Because the surface has a tendency to warm the air, we
't

would expect that air temperature will lag surface temperature. There will be some lag between

surface and soil temperatures, but we do not expect it to be significant. The reason soil

temperature lags air temperature by four hours cannot be determined at this time.

This figure demonstrates that air and soil temperatures are in phase. On some days, peak

soil temperature precedes peak air temperature by up to one hour. This occasional lag time may

be due to the difference between the albedo of the dunes and the that of the flats. Cooler air may

come from the prevailing wind direction (south east) over the dunes and offset the peak air

temperature, while the peak soil temperature remains unaffected. If this were the case we might

expect to see peak temperatures at Ratscat delayed from those of C-Station due to its high

albedo. Again this is not the case.

These anomalies may be due to the depth of the soil temperature probe, or

insUmnentation errors. We cannot determine any strong statistical relationship between soil

temperature and air temperatures. There appears to be two different but statistically weak

correlations for the afternoon period and the morning. The lack of correlation may be due to the

covariance of both air and soft temperature. However, this lack of relationship may also be due

to physical factors. Air temperature at any given station is probably not determined by the

surface temperatures directly below, but by the surface characteristics a few meters or kilometers

upwind, as well as many other atmospheric factors. In other words, air temperature may to be

considered a global variable and are not necessarily linked to the specific geographic location of

measurement. Surface temperature may be a considered a local variable, and can be directly

associated with the location of measurement.
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Figure 6. Hourly Average Solar Radiation, Air and Soil Temperature at Ratscat and

C-Station. August 1992. Non-rainy, Non-cloudy days only. Air and soil temperaturepeak

simultaneously at Ratscat, however, soil temperatureslag air temperatureby one hour at C-

Station. Peak soil temperaturesat both stations lag solar noon by four hours. This is a resultof

• the thermal mass of the soil. Solar radiation is not symmetrical around solar noon due to

averagingandsome presenceof afternooncloud cover in the data.
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7. SUMMARY AND CONCLUSION

Analysis of the data has shown that the temperature depression within White Sands is

between 1-3 °C. Peak ATa occurs in the morning hours, before any convective instability dilutes

the effects of surface temperature on air temperature. This temperature depression is mainly

observed within the White Sands area, although, on some occasions the temperature depression

extends outside the White Sands boundary. Wind direction is observed to have some impact on

this temperature depression and its effects on stations adjacent to White Sands. However, any

dependence on wind speed cannot be identified at this time. Soil temperature data from August

1992 are consistent with our expectation of reduced surface temperatures within the dunes. But

these data cannot be extrapolated to any functional relationship with air temperature. It appears

that while soil temperature may be a local variable, air temperature may be a global variable for

the entire White Sands basin. Advection, and possibly convection are identified to be the main

factors diluting the effect of White Sands' high albedo surface on near surface air temperatures.

The data provided here, while of use in making initial estimates, does not contain the

necessary detail to identify the determining factors that control the local effects of albedo on the

near-surface air temperature. The random location of stations presents another difficulty for

analysis, as does the occasional but unrecorded presence of surface moisture. Without any

information on soil or surface moisture its impact on albedo and air temperature cannot be

addressed.

In the future, several new variables would be helpful for this type of research: soil

moisture, vertical wind speed and surface temperature. It would be preferable to collect data in

June and possibly May, before the heavy rains begin. Installing several weather stations deeper

within the dunes in a line along the prevailing wind direction would provide more information

regarding the possible effects of wind speed on air temperature depression within the dunes. •

Satellite data may prove effective for obtaining surface temperatures and possible surface albedo.

These data could be used in conjunction with surface weather stations to provide modeling input.
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Once the surface energy balance can be modeled, a more in-depth understanding of basin scale

influences on these data may be possible.
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